Objective. Patient handover is an important element of continuity, quality and safety in patient care. Handover without standardized protocols is prone to information loss and might be a possible danger to patient safety. Checklists are established methods that help to structure complex processes in other high-risk fields such as aviation. In the past few years, their implementation has attracted research interest in medicine. We hypothesize that a checklist for handover between anaesthesiologist and post-anaesthesia care unit nurse will increase the amount of information transfer during patient handover after anaesthesia.
Introduction
Patient handover has been defined as 'the transfer of professional responsibility and accountability for some or all aspects of care for a patient, or group of patients, to another person or professional group on a temporary or permanent basis' [1] . It serves as a fundamental part of the physicians work and is an important element of continuity, quality and safety in patient care [1] [2] [3] . Loss of information during handover can affect patient safety [1, 4] .
After a surgical intervention patients are usually transferred to a post-anaesthesia care unit (PACU) where a handover from the anaesthesiologist who anaesthetized the patient to the PACU nurse takes place. Responsibility of the patient is transferred from the anaesthesiologist to the nurse (which is supervised by another anaesthesiologist positioned in the PACU).
The implementation of standardized instruments managing patient information transfer is recommended by institutions such as the Australian Commission on Safety and Quality in Health Care (ACSQHC), World Health Organization, Joint Commission, International Centre for Patient Safety [5, 6] and medical personnel [5] [6] [7] [8] . Checklists are established methods in high risk fields such as aviation, shipping and the nuclear industry. In his very readable book, 'The Checklist Manifesto', Atul Gawande impressively describes the history and development of checklists in aviation and what impact they still have on safety in aviation. He also addresses how checklists have been adopted in other fields such as restaurants and construction and how they help to monitor and improve complex processes [9] .
Checklists can be helpful in completing processes without missing important steps. In the past years, the introduction of checklists to the field of medicine has attracted research interest. Studies have shown that the use of checklists can improve the quality of care and patient safety [10, 11] . Two recent multicentre studies showed that, through the implementation of preoperative and intraoperative surgical safety checklists, patient outcome could be improved: the implementation of the checklist led to a significant reduction in morbidity and mortality [12, 13] .
It has been shown that handovers in the medical field are often informal and brief [4] [5] [6] [7] [8] [14] [15] [16] .
The information about perioperative handover in anaesthesia is sparse [7, 17, 18] . In the present study we investigate a post-operative checklist. We hypothesize that a postoperative checklist for handover between anaesthesiologist and PACU nurse would increase the amount of information transfer during patient handover in the PACU.
Methods
Approval of the ethics committee of the Chamber of Physicians, Hamburg and written informed consent of the participating anaesthesiologists was obtained. Written informed consent from patients was waived by the ethics committee.
The study was conducted as a prospective trial of 120 handovers in July and August 2010 in the PACU of the University Hospital Hamburg-Eppendorf. The PACU serves as a recovery unit for patients from 16 operating theaters of the following surgical specialties: general surgery, hepatic/biliary surgery, gynaecology, urology, ear/nose/throat surgery, oral/maxillofacial surgery, orthopedic/trauma surgery and neurosurgery.
The study was conducted in three phases as a preintervention-post-intervention trial (Fig. 1) .
(i) Phase 1 included videotaping of patient handover from anaesthesiology residents to PACU nurse in the PACU (40 handovers without randomization), (ii) Phase 2 consisted of introduction and implementation of the handover checklist (76 randomized handovers), (iii) Phase 3 consisted of videotaping of patient handover in the PACU with and without the use of the laminated written checklist (80 randomized handovers).
Phases 1 and 3 were conducted for analysis of data. Phase 2 was designed to implement the checklist. The checklist was introduced to our anaesthesiology residents via e-mail, letter and personal hand out. It was also subject to discussion in one of the regular morning meetings of all anaesthesiology staff.
To develop the checklist, two senior anaesthesiologists of our department defined relevant items for patient handover in the PACU. This selection of items was based on their own experience and review of anaesthesiology textbooks [19] [20] [21] . In a second step, the other senior anaesthesiologists of our department were asked to check important handover items on a list and in a second round, these were discussed. Afterwards, all items that were considered important for patient handover by the group were noted and the resulting list was presented to specialized anaesthesia nurses working in the PACU. In a further meeting between two senior anaesthesiologists and PACU nurses, each item on the list was evaluated again and the list was adjusted according to their final suggestions. An English translation of the checklist can be seen in Supplementary data, Appendix 1.
All anaesthesiology residents entering the PACU during research hours (7.00 am until 4.00 pm) were included into the study. The inclusion criteria ( patient 18 years or older with an elective surgical intervention) and consent of participating anaesthesiologist were checked. Children were excluded, as were adults requiring ICU following surgery, as neither group is admitted to the PACU in our hospital. Forty nonrandomized handovers before the implementation of the checklist were defined as Group A (no knowledge or use of checklist). After the implementation of the checklist, handovers were randomized with the help of a randomization list, generated on the internet (www.randomizer.org) and sealed envelopes, containing the group letter, into Group B (40 handovers with knowledge but no use of the checklist) and C (40 handovers with the use of the checklist). For all handovers in Groups A and B, anaesthesiologists were instructed to give a handover as usual. For all handovers in Group C, anaesthesiologists were told to hand over the patient using the checklist. They were given a laminated checklist by the investigator.
All handovers eligible to enter the study were consecutively included in the study and videotaped. If there were two simultaneous admissions to the PACU, the one that first entered the room was videotaped. Usually patients cannot be handed over simultaneously because there is only one nurse available in the PACU. If a second nurse was available and two patients were handed over at the same time, the handover of the second admission was not videotaped and not included in the study.
All videos were taped by the same investigator (C.S.). We used a camera (Handycam DCR-DVD106E, Sony, Japan) on a tripod positioned at the foot of the patient bed. Handovers were stored on mini-DVD (Sony). The anaesthesiology resident handing over the patient was standing next to the patient bed, facing the camera. The PACU nurse receiving the handover was standing next to the camera, facing the resident and also having a good view of the patient and patient monitor. The camera neither videotaped the patient nor the nurse. Handovers were played on a PC with Figure 1 Study design.
Microsoft Media Player (Microsoft Corporation, Redmont, USA) for analysis.
The videos were analyzed independently by two investigators (C.S. and I.K.). All items handed over were checked on a separate score sheet, equal to the items on the checklist. Scores of both the investigators were then recorded in a Microsoft Excel sheet. Both investigators rated 94.1% of items identical. If ratings of the two investigators were not identical, videos were watched again by both investigators. Differing items were discussed by the two whether the item was handed over correctly or not and scores were adjusted accordingly. For all items (100%), agreement could be reached. Investigators were blinded as much as possible to group allocation of handover. The video only showed the head of the anaesthesiologist handing over and the checklist (if used) could not be seen by the investigator. Still several times the use of the checklist was disclosed by anaesthesiologists of Group C, because they commented on the checklist during handover or visibly read from the checklist. The duration of the handover was recorded using a stop watch.
The number of handovers per anaesthesiologist was recorded to ensure a wide variety of handovers, representative of the usual fluctuation and different styles of handover by different anaesthesiologists.
The number of items handed over were counted and analysed for each group and item. For comparison of the overall items handed over, the Mann-Whitney test was used. For comparison of differences of the percentage of the specific items handed over between the groups (with and without the checklist), the chi-square test was used. The duration of the handover was compared using the Mann-Whitney test. Median and 25 and 75 Percentiles are displayed for duration of handover in seconds and for overall items handed over. A level of P < 0.05 was defined as statistically significant. Data were analyzed using Microsoft Excel 2003 (Microsoft, Redmond, WA) and SPSS 11.5 (SPSS, Chicago, IL). 
Results
All 120 handovers could be recorded on videotape and analyzed. A total of 41 anaesthesiologists were recorded for patient handovers, with a range of 1-9 handovers per single anaesthesiologist. One anaesthesiologist in our department did not consent to participate in the study and so his handovers during the study period were not recorded (two in total). The percentage of overall items handed over increased significantly with the use of the laminated written checklist (Group C: median, 48.7%; 25-75 centiles, 37.8-70.9%) compared with Group B without the use of the checklist (Group B: 32.4%, 27.0-40.5%; P < 0.001). However, instructions about items that should be included in handovers, but without the use of the checklist was not associated with an increase in the number of items handed over (Group A: 32.4%, 24.3-37.2% vs. Group B; P = 0.303; see Fig. 2 ).
Detailed analysis of each item showed that some items did not show a significant increase in being handed over with using the checklist (see Table 1 ). No significant increase was found for items such as 'name', 'underlying condition', 'surgical procedure', 'co-morbidities', 'type of anaesthesia', 'deviation from standards' (referring to our institution's standard operating procedures') and 'analgesia' (for post-operative care). These items were mentioned in the majority of handovers, with (Group C) and without (Group B) the use of the checklist. Other items, such as 'inspection of lines and catheters' and 'baseline O 2 saturation under 21% oxygen' did not show a significant difference and were only rarely handed over in both groups.
Handovers with the use of the checklist (Group C: median 120.5 s, 25-75 percentiles 80.5-170.5 s) took significantly longer than handovers without the checklist (Group B: 85.5 s, 55.3-106.0 s; P = 0.003). There was no significant difference in handover duration between handovers before the implementation of the checklist and handovers after the implementation but without the use of the checklist (Group A: 59.5 s, 43.3-97.8 s vs. Group B; P = 0.076; see Fig. 3 ).
Discussion
The results of this study suggest that the use of a checklist for patient handover in the PACU increases the number of items of patient information handed over from anaesthesiologist to PACU nurse. Similar results on handover and transfer of information (mostly in fields other than anaesthesia) have been shown in other studies [22, 23] . Before the implementation of the checklist, only 31.4% of items, considered important handover items by a group of senior anaesthesiologists and PACU nursing staff, were handed over (Group A). We take this result as an indication that more training and research is needed to establish good handover practice. So far there has been no standardized protocol on patient handover in our department. The number of items handed over did Checklist for post-anaesthesia handover • Safety and quality improvement not increase after implementation but without the use of the checklists (Group A vs. Group B). This shows that without actually using the laminated and written checklist, handovers do not improve. Interestingly, even when using the checklist, anaesthesiologists only handed over half of the items on the list. The reason for lack of compliance with the checklist is unclear. There are many possible causes and these should be subject to further research. Actually, using the checklist (Group C) increases the percentage of items handed over, but still, results are somewhat disappointing. There are several reasons for these results, which showed poor compliance with the checklist:
First, lack of knowledge could be a reason for noncompliance. Even though every anaesthesiologist who participated in the study had an oral introduction and also a written introduction of how to use the checklist, they might not have understood that using a checklist correctly requires going through every single item and not just picking the ones preferred. One explanation for why the checklist was used incorrectly is that the introductory phase (Phase 2) was too short. Also, anaesthesiologists' routines could have been confused by the checklist. A study conducted by Talbot et al. showed a decrease of retained information by emergency department staff after verbal handover from ambulance crews following a structured handover compared with retained information after unstructured handover. They supposed that these results occurred due to distraction of the ambulance staff who was trying to handover their patient using an unfamiliar system [24] .
Secondly, unwillingness to use the checklist might also play a major role. Several physicians made it very clear that they did not like to use the checklist and would not want to use one as clinical routine (even though they did agree to use it during the study period). Some felt insulted, that after years of medical school and anaesthesia training, they were supposed to read from a checklist handing over their patient. On introduction of the safe surgery checklist by Atul Gawande, similar reactions occurred. Researchers were thrown out of operating rooms and the checklist was called 'a waste of time'. Interestingly, even though 20% of medical professionals using checklists do not like doing so and did not think they were useful, 93% would want one used if they were on the operating table [9] . Contrary to the reluctance of a large amount of physicians to use the checklists and to standardize, monitor and control patient care, nursing staff usually has a more positive attitude towards such changes.
Thirdly, our checklist might not be suitable for all procedures. Some of the surgical procedures, such as curettages in gynaecology, are short procedures with mask ventilation and patients are mostly young and healthy. The checklist prompts many items that do not play an important role for these types of procedures (intubation conditions, blood products, etc.) and anaesthesiologists are reluctant to address these items. An answer to this problem could be the design of two different checklists: one for more complex procedures and patients with co-morbidities and one for small procedures on healthy patients.
The checklist was developed by a group of senior anaesthesiologists and finalized after consultation with nurses in the PACU before the start of recording handovers. Retrospectively, it would have been helpful to develop a checklist using a model such as the one developed by Arora and Johnson [25] , including the input by residents regarding both the checklist and the handover process itself. Our results indicate that the checklist contained too many items, most likely because we tried to do justice to all involved parties except anaesthesiology residents. Results clearly show that the checklist used failed to fulfil its purpose to ensure complete patient handovers.
Detailed analysis of all items showed that the handover of a number of items such as name, underlying illness, surgical procedure, important underlying conditions and deviation from anaesthesia standards and the administration of analgesic agents for post-operative analgesia did not differ significantly. Before the introduction of the checklist, these items were already handed over in 77-95% of handovers. They seem to be generally accepted as very important information for the PACU nurse and are therefore rarely forgotten or left out. In contrast, inspection of lines and catheters appears to be an unimportant and time-consuming task so that even with the checklist, this item was often ignored and skipped.
Handovers were significantly longer if anaesthesiologists used the checklist. Economically, this might be interpreted as a negative effect. But looking at the exact times for handover, times increased from ∼1 to 2 min. A post-anaesthesia handover after any surgical procedure of <1 min does seem very short. For this reason, we do encourage the increase of duration of handover as a sign for increased transfer of information and maybe an improvement to safer patient care. Another study has found that an increased handover time positively correlates with clinical content scores of handover [26] . Contrary to our findings, Catchpole et al. showed that using a checklist and defining procedures and responsibilities for patient handover significantly reduces handover time [22] . We explain this disagreement by the different study designs. Catchpoles' investigation included analysis of verbal handover but also technical and physical jobs. In our study, we focused on the time of verbal handover and did not look at activities such as connection of patient monitoring, intravenous lines or oxygen. Since we found a significant increase of items handed over, consequentially handovers took longer.
There are limitations to this study Unfortunately, we were not able to guarantee that every participating anaesthesiologist had the opportunity to use the checklist in Phase 2 ( practice) before Phase 3 (analysis). Every participating anaesthesiologist had oral and written instructions on the checklist before Phase 3, but a few anaesthesiologists might have missed practice in the PACU due to night shift work or rotation to another operating room area. Since we did not want to evaluate the performance of the single anaesthesiologist, we cannot provide further analysis on how participation in the practice phase, Phase 2, influenced results.
There might be bias through the Hawthorne effect, an improvement in performance due to the subjects' knowledge of being observed. Also, the investigators who evaluated the videos could not be completely blinded because many times it was obvious if anaesthesiologists were using the checklist or not. Some commented on the checklist, some obviously read from it. Also, the two investigators know most of the anaesthesiologists who handed patients over, so this could have influenced their findings.
We hypothesized that a post-operative checklist for handover between anaesthesiologist and PACU nurse would increase the amount of information transfer during patient handover in the PACU. Our findings support our hypothesis, even though the increase in information transfer was smaller than we anticipated.
Further research is needed to design and implement a checklist to ensure that post-anaesthesia handover includes as much information as necessary for safe patient care but as little as possible to increase compliance with the checklist.
